In Drosophila, molecular analysis has led to the isolaindicating that in these cells an intrinsic cell suicide tion of three novel cell death genes, reaper, head involuprogram is present that operates by default unless action defective ( Here, the strong eye ablation phenotype caused by The severity of this eye ablation phenotype is dosageexpressing hid under the control of an eye-specific prosensitive; that is, flies carrying two copies of the GMRmoter was used to perform a genetic screen aimed to hid transgene have significantly smaller eyes than flies identify components that regulate and mediate Hid accarrying only one copy (data not shown). The correlation tivity. Mutations in genes that regulate the EGF receptor between the degree of hid activity and the strength of (EGFR)/Ras1 pathway were recovered as strong supthe induced phenotype suggests that a 50% reduction pressors of Hid-induced apoptosis. The survival effect in the dose of a gene involved in hid-mediated apoptosis of the EGFR/Ras1 pathway is specific for Hid-induced should result in the visible modification of the eye phenoapoptosis since neither Reaper-nor Grim-induced apotype caused by GMR-hid. Therefore, using the sensiptosis is affected by the EGFR/Ras1 pathway. We show tized GMR-hid background a genetic F1 screen was further in vivo and in cultured cells that the Ras1 pathway performed to isolate mutations in genes that dominantly inhibits Hid activity apparently by direct phosphorylation suppress the GMR-hid-induced eye ablation phenotype. of Hid by MAPK. We conclude that the hid gene in Dro-A similar approach has been highly successful for definsophila provides a mechanistic link between the survival ing a genetic pathway for R7 cell fate determination in activity of Ras1 and the apoptotic machinery. 
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the Figure 4 ). An even more striking rescue is observed if in Drosophila, reaper and grim. In Figure 5 , we compare the enhancing and suppressing effects of the dominant negative sev-Ras1 N17 allele and the gof sev-Ras1 V12 allele, respectively, on GMR-reaper-and GMR-grim-induced eye phenotypes. These two Ras1 alleles gave the strongest effects on GMR-hid-induced apoptosis ( Figures 2D,  2I, and 2K) . However, the eye ablation phenotypes of both GMR-reaper and GMR-grim are not significantly affected by the Ras1 mutants ( Figure 5 ). This finding is further confirmed by analysis of other pathway mutants (data not shown). Thus, in summary, the antiapoptotic survival activity of the Ras1 pathway is predominantly mediated by specific inactivation of the death effector gene hid. In the following, we address the molecular mechanisms of this effect. Figure 8B) . Also, the sev-Ras1 V12 transgenes largely fail to suppress the eye ablation phenotype caused by the consistent with the findings in SL2 cells and strongly supports a model according to which the activity of the MAPK site deficient GMR-hid transformants ( Figures 8H  and 8N ). This result indicates that MAPK signaling inacticell death regulator hid is modulated by MAPK signaling in vivo.
Alteration of MAPK Sites of Hid Blocks the Survival
vates the cell death inducing activity of hid. However, the GMR-hid
Ala3
-and GMR-hid 8E, 8K, and 8P) . Thus, Delivers an Antiapoptotic Signal the endogenous hid gene adds to the full GMR-hidby Inhibition of hid Activity induced eye phenotype. Since its gene product is exIn this paper we present genetic evidence that signaling pected to be fully responsive to Ras1/MAPK signaling, via the EGFR/Ras1/MAPK pathway promotes survival it is likely that the weak suppression of GMR-hid Ala3 and by directly blocking hid from inducing apoptosis ( Figure  GMR-hid Ala5 by activated forms of MAPK is caused by 9). It is striking that the survival activity of the EGFR/ inactivation of the endogenous hid gene.
Ras1/MAPK pathway is specific for Hid, since we deIn control crosses, we tested transgenes of and mutatected little or no effects on the other two known cell tions in specific cell death genes that are not involved death regulators in Drosophila, reaper and grim ( Figure 2) . recovered in the GMR-hid suppressor screen, and mutaIn order to explain the observed genetic effects on hidtions in glass, which encodes a transcription factor that induced apoptosis by EGFR/Ras1/MAPK signaling, we activates transcription from the GMR promoter and is propose a posttranslational inactivation mechanism of expected to influence GMR transgenes similarly. As with hid protein for three reasons. First, in our assays, hid is GMR-DIAP1, in these crosses, the eye ablation phenounder control of heterologous promoters (GMR, hs, and types caused by GMR-hid wt , GMR-hid
, and GMRie1) such that a potential regulation at the level of the hid Ala5 are suppressed to a similar extent (data not endogenous hid promoter cannot fully account for the shown). The findings in these control crosses further observed genetic effects. However, such a mechanism support the notion that the failure to suppress GMRmight operate under different circumstances (see behid Ala3 and GMR-hid Ala5 by active MAPK is due to the lack low). Second, since similar rescuing effects are not obof MAPK phospho-acceptor sites in Hid.
served with GMR-reaper and GMR-grim, a transcripIn summary, our mutational analysis provides strong tional regulation at the level of the GMR promoter (and evidence that the MAPK phosphorylation consensus presumably the hs promoter) can be excluded as well. ) during early imagpaper we reveal a molecular mechanism by which the EGFR/Ras1/MAPK pathway delivers an antiapoptotic inal disc development in Drosophila (during a stage when the imaginal discs are actively proliferating) insignal via direct inhibition of a component of the intrinsic cell death machinery in Drosophila, hid.
duces ectopic cell proliferation and hyperplastic growth. Therefore, we were concerned that the observed surhid is an important inducer of programmed cell death in Drosophila (Grether et al., 1995) . hid mutant embryos vival activity of EGFR/Ras1/MAPK signaling on hidinduced apoptosis might actually be the result of a comhave decreased levels of apoptosis and extra cells in the head. In ectopic expression studies, hid behaves as pensatory mitogenic effect of Ras1 V12 rather than the result of a direct inhibition of the apoptosis inducing a very potent inducer of cell death (Grether et al., 1995; this study). However, the expression of the hid gene is activity of hid. However, we excluded this possiblity for a number of reasons. First, a mitogenic response to not restricted to cells that are doomed to die; hid is also expressed in many cells that live (Grether et al., 1995) .
the sev-Ras1 V12 transgenes used in this study has not been observed, presumably because the cells in which This observation, together with the efficient induction 
Ras1
V12 is expressed are postmitotic ( sufficient survival signals are stably selected to live.
The GMR-hid 10 sev-GAL4 line was obtained by meiotic recombination. All crosses were performed at 25ЊC. 
Ras1-Dependent

